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↑ What is "already known" in this topic: {#box1}
========================================

Most data analysts have used the Cox PH model, as the most and popular semi-parametric methods, to analyze the survival of TM patients. This model does not make specific assumptions about the probability distribution of event times.

→ What this article adds: {#box2}
=========================

The Weibull AFT model is a more general parametric method that can be used for survival analysis of thalassemia major (TM patients). This model has not been used in this field in Iran. However, based on this model, informing parents, especially mothers, and paying attention to blood screening for early diagnosis were most important related factors in the survival rate of TM patients.

Introduction {#s1}
============

Thalassemia is the most common inherited anemia in the world and also in Iran ([@R1], [@R2]). Middle Eastern countries have a high concentration of thalassemia ([@R2]). Moreover, 18 000 deaths occurred due to thalassemia major (TM) in 2010 ([@R3]). It has been reported that 5.2% of the world population are carriers of such disorders ([@R4]) and also the prevalence rate of thalassemia carriers is 4.5% in Iran ([@R5]). In addition, it has been reported that approximately 300 children with TM are born in Iran and also over 264 000 affected infants are born annually in developing countries ([@R4]-[@R6]). The thalassemia program was implemented in 1997 in Iran and aimed at reducing and preventing this disease ([@R5], [@R6]). Identifying the risk factors that affect the survival rate of TM patients is highly important for physicians and healthcare systems.

In this regard, survival analysis (SA) can be used to identify the risk factors for survival of patients ([@R2], [@R6]). This analysis, ie, SA, is a collection of statistical methods that involves the modeling of time to event data and is used to predict the occurrence and timing of events ([@R7]). In SA, which typically focuses on time to event data, there are different models to analyze survival times of data based on a set of predictor variables ([@R7], [@R8]), such as proportional hazard (PH) and accelerated failure time (AFT) models ([@R7], [@R9]). In the previous decades, data analysts have used a various survival methods to determine prognostic factors and survival rate of TM patients ([@R1], [@R2], [@R6], [@R10]-[@R16]). The Cox PH model is one of the most popular semi-parametric methods used to predict survival of TM patients ([@R7]). The Weibull AFT model is a parametric method which can be used to predict the survival of TM patients. This model is more general than other parametric models ([@R7], [@R8]).

The most popular method for regression analysis of survival data is Cox regression, which combines the proportional hazards model with the partial likelihood method of estimation. It does not make specific assumptions about the probability distribution of event times. By contrast, parametric regression models assume particular families of probability distributions, such as exponential, Weibull, Gompertz, lognormal, log-logistic, or gamma ([@R7], [@R9], [@R17]).

However, it is of paramount importance to identify the prognostic factors affecting the long-term survival rate of TM patients. This study aimed at applying semi-parametric Cox PH model and a parametric PH and AFT model to identify the risk factors of TM patients.

Methods {#s2}
=======

Patient population {#s2-0-1}
------------------

This historical cohort study was conducted by enrolling 296 TM patients. These patients had been referred to Zafar Thalassemia Clinic in Tehran during 1994 and 2013. This study was approved by the ethical committee of University of Social Welfare and Rehabilitation Sciences (IR.USWR.REC.1395.5).

Data collection {#s2-0-2}
---------------

Data of all patients were collected based on patients' medical records, and the collected data included the following information: sex, birth place (near the sea/not), date of birth (after 1997/before 1997), age at onset of disease, age of Desferal injection, age of transfused blood, splenectomy (no/yes), maternal education (no/yes), and consanguinity (no/yes). The survival time of each patient, in year, was defined as the interval between the date of birth and the date of death or date of follow- up time in May 2013 (the end of the study).

Statistical analyses {#s2-0-3}
--------------------

Cumulative survival rates were estimated using the Kaplan-Meier method. The log-rank test was used to compare the survival curves across the subgroups. A multivariate (adjusted analysis) Cox proportional hazards model was utilized to identify risk factors relating to survival of patients. Finally, parametric Gompertz PH and Weibull AFT model were used to determine the SA of TM patients. The Akaike information criterion (AIC) was utilized to compare these parametric models. The smaller value for this criterion means a better and more suitable model ([@R7]). All statistical analyses were performed using R 3.2.2 software. A p\<0.05 was considered statistically significant.

AFT model {#s2-0-5}
---------

AFT model is a parametric model that assumes that the effect of a covariate is to accelerate or decelerate the survival (or the hazard) of a disease over time by some constant. For i = 1, ..., n, let T~i,~ C~i~ and X~i~ would be the failure time, censoring time, and the p×1 covariate vector for the i-th subject. It is assumed that T~i~ is conditionally independent of C~i~ given X~i~. An univariate semiparametric AFT model has the form log (T~i~)=X~i~^T^β +ε~i~ i=1,\...,n, where β is an unkhnown p×1vector of regression parameter, e~i~\'s are independent of X~i~ and also independent, which is identically distributed in random variables with an unspecified distribution. Imagine that in i-th cluster, there is a random sample of n independent cluster with K~i~ margin. In this case, the multivariate AFT model has the following form: log (T~ik~)=X~ik~^T^β +ε~iK~ i=1,\...,n, k=1,\...,K~i~ . In the presence of censoring, the observed data would consist of copies of(Y~ik~,Δ~ik~,X~ik~^T^) where Y~ik~ = min(T~ik~, C~ik~) and Δ~ik~ = I(T~ik~\< C~ik~), and I(.) is the indicator function. Without censoring, the ordinary least squre (OLS) method can be used to estimate all parameters. With censoring, one can use the Buckly-James estimator by adapting the OLS method ([@R18]-[@R20]).

Results {#s3}
=======

A total of 296 TM patients were included, with total time at risk, 2105.5 years. The minimum and maximum follow-up times were 5 and 49 months, respectively. Overall, 38 (12.84%) patients died. A total of 153 patients were female; and the mean±SD of patients' age was 29.11±0.47 years. Overall, 2 patients had irregular blood transfusions, 141 (47.4%) had near the sea birth place, 215 (72.6%) were born after 1997, 112 (37.8%) had splenectomy, and consanguinity was observed in 62 (21.6%) patients. In addition, 46 (15.6%) parents were illiterate. The mean (and median) ± SD of age at onset of disease, age of Desferal injection and age of transfused blood was 2.31(0.83)±4.90, 5.79(4.00)±5.94, and 1.72(1.00)±2.82, respectively.

Three-year survival rate for males and females was 0.711±0.057 and 0.733±0.114, respectively, based on Kaplan-Meier analysis ([Table 1](#T1){ref-type="table"}). The mean ± SD survival time of males and females was 41.75±1.46 and 37.43 ±0.76, respectively. The log-rank test revealed no difference between the mean survival time of males and females (X^2^= 3.197, df= 1, p= 0.074).

###### One-, two-, and three- year survival probability of patients with TM using Kaplan-Meier method

  ------------ ------------- ------------- -------------
  Years        Total         Women         Men
  One-year     0.969±0.010   0.973±0.013   0.963±0.007
  Two-year     0.882±0.021   0.902±0.028   0.856±0.033
  Three-year   0.728±0.046   0.733±0.114   0.711±0.057
  ------------ ------------- ------------- -------------

In the Cox proportional hazard model, age at onset of disease was a significant factor (p=0.040) in survival time ([Table 2](#T2){ref-type="table"}). In the Gompertz model, variables of birth place and living near the sea were significant factors (p= 0.035 and p = 0.005, respectively) in survival time ([Table 3](#T3){ref-type="table"}). In the Weibull model, birthplace and age at onset of disease were significant variables (p= 0.013 and p= 0.008, respectively) in survival time ([Table 4](#T4){ref-type="table"}). The AIC for Weibull model was 158.51, which was lower than the Gompertz model (161.8). For this model, the hazard ratio (HR) estimate for age at onset of disease was exp (-0.246) = 0.782. Adjusted for other variables, this means that the age at onset of disease has a hazard rate of about 0.78 times on the hazard of the event, if 1 unit increased in the age at onset of disease. The hazard ratio estimate for birth place was exp (0.243)= 1.28, meaning that near the sea place of birth has a hazard rate of about 1.3 times more than birth at other places on the hazard of the event.

###### Results of the Cox PH model for TM patients

  ---------------------------- ---------------------- ------------- ------------- -------
  Variables                    Parameter estimation   **SE** ^\*^   P-value       HR
  Birth place (near the sea)   -1.642                 0.897         0.067         0.193
  Age at onset of disease      0.320                  0.156         0.040^\*\*^   1.377
  Age of Desferal injection    -0.027                 0.109         0.807         0.974
  Splenectomy (no)             -0.320                 0.775         0.679         0.726
  Maternal education           -0.431                 0.470         0.358         0.650
  Consanguinity (yes)          0.693                  0.698         0.321         2.000
  Age of transfused blood      -0.434                 0.241         0.075         0.648
  Born time (after 1997)       1.402                  1.190         0.238         4.062
  Gender (female)              -0.994                 0.700         0.156         0.370
  AIC=114.460                  \-                     \-            \-            \-
  ---------------------------- ---------------------- ------------- ------------- -------

\*Standard error; \*\*Significant at alpha=0.05

###### Results of the Gompertz PH model for TM patients

  ---------------------------- ---------------------- --------- ------------- -------
  Variables                    Parameter estimation   SE ^\*^   P-value       HR
  Birth place (near the sea)   -1.860                 0.884     0.035^\*\*^   0.156
  Age at onset of disease      0.530                  0.190     0.005^\*\*^   1.699
  Age of Desferal injection    -0.074                 0.098     0.450         0.928
  Splenectomy (no)             -0.375                 0.757     0.620         0.687
  Maternal education           -0.426                 0.446     0.339         0.653
  Consanguinity (yes)          0.816                  0.684     0.233         2.260
  Age of transfused blood      -0.435                 0.242     0.073         0.647
  Born time (after 1997)       1.760                  1.140     0.123         5.810
  Gender (female)              -0.994                 0.681     0.144         0.370
  Shape parameter              0.071                  0.037     \-            \-
  Rate(or scale) parameter     0.003                  0.004     \-            \-
  AIC=161.769                  \-                     \-        \-            \-
  ---------------------------- ---------------------- --------- ------------- -------

\*Standard error; \*\*Significant at alpha=0.05

###### Results of the Weibull AFT model for TM patients

  ---------------------------- ---------------------- --------- ------------- -------
  Variables                    Parameter estimation   SE ^\*^   P-value       HR
  Birth place (near the sea)   0.243                  0.098     0.013^\*\*^   1.275
  Age at onset of disease      -0.246                 0.092     0.008^\*\*^   0.782
  Age of Desferal injection    0.036                  0.044     0.422         1.036
  Splenectomy (no)             0.172                  0.351     0.625         1.187
  Maternal education           0.195                  0.209     0.350         1.216
  Consanguinity (yes)          -0.384                 0.324     0.236         0.681
  Age of transfused blood      0.202                  0.117     0.084         1.223
  Born time (after 1997)       -0.776                 0.534     0.146         0.460
  Gender (female)              0.464                  0.325     0.154         1.590
  Shape parameter              3.976                  0.722     \-            \-
  Scale parameter              0.781                  0.181     \-            \-
  AIC=158.509                  \-                     \-        \-            \-
  ---------------------------- ---------------------- --------- ------------- -------

\*Standard error; \*\*Significant at alpha=0.05

Discussion {#s4}
==========

A total of 81.5% of the TM patients survived in the study period, which is the overall median survival time that could not be calculated. However, the 1-year, 2-year, and 3-year survival rates of the patients were 97%, 88%, and 78%, respectively. On the other hand, TM patients had a high survival rate, and improvement in the survival rate of these patients was palpable. Previous studies in Iran showed that only 50% to 60% of beta-TM patients had long-term survival rate ([@R2], [@R6], [@R10], [@R15]).

SA of thalassemia patients was performed using parametric and Cox models. A survival study revealed that the survival rate of beta-TM patients was affected by accompanied diseases, kind of transfused blood, and rural residency ([@R2]). The 20-year- survival rate was reported to be 85%; moreover, education, marital status, ferritin levels, and comorbidities factors were related to survival rate of thalassemia patients ([@R6]). In another study, regular blood transfusion, blood screening, and family awareness affected the survival rate of these patients ([@R10]). The survival of those patients who were born after 1981 was better than the others ([@R11]). The 20-year- survival rate of TM was reported to be 98.5%. Multivariate survival analysis revealed that female sex significantly affected the survival time, but not the genotype, birth cohort (after 1974), or treatment center ([@R12]). Death of TM patients was reported to be 50% before the age of 35. Moreover, improved survival rate and survival without complication due to treatment was also reported ([@R13], [@R14]). The survival of TM patients was investigated and it was found that ethnicity and gender did not have any significant effects on the survival of these patients ([@R1]). Being alive until 20 years old was reported in 68% of TM patients and only half of them lived until 30 years old ([@R15]). The Cox regression model revealed that the interaction effect of sex and age was a risk factor for predicting mortality in patients ([@R18]). The expected survival probability of patients at 50 years was reported to be 0.63 ([@R19]). A study has reported better median survival time (4.89 yrs. for females and 3.84 yrs. for males) and better prognosis for females ([@R20]). The survival of both genders for birth cohort before and after 1986 was reported without any statistically significant differences. The survival rate of patients who were born after 1986 was reported to be better at 30 years old (68% vs. 80%) ([@R21]).

Conclusion {#s5}
==========

This study revealed that the variables of birth place, age at onset of disease, and age of transfused blood had significance effects on the survival of these patients. Unlike other studies, birth time of patients and gender did not significantly affect the survival of patients. One of the limitations of this study was missing values in explanatory variables. Based on the results, Weibull parametric model was selected as the best model. So, this model is suggested to other researchers. Furthermore, informing parents, especially mothers, and paying attention to blood screening for early diagnosis may increase the survival rate of patients.
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